Summary
No bacteria were observed in an epizootic of lethal pneumonia in guineapigs. Necrotic bronchitis and bronchiolitis with basophilic intranuclear inclusion bodies in bronchial epithelial cells were characteristic. Although adenovirus infection of guineapigs has not previously been reported, histological findings paralleled those found in adenovirus infections of other animals including man. Virus particles found by electron-microscopical examination of the lung tissue closely resembled adenoviruses. The disease seemed to have a low contagiousness, a low morbidity (about O·7%), but an acute course and a high mortality (100%).
Pneumonia is the most frequent single cause of death in guineapigs.
Necropsy of 300 pet guinea pigs revealed pneumonia in 59 (19·6%) of them (Kunstyr, Heimann & Giirtner, 1977) . In 445 experimental guineapigs dissected and examined by us over 5 years, pneumonia was seen in 87 (19·5%) . Specific bacterial causative organisms were isolated from all 87 guineapigs-Streptococcus zooepidemicus (45), Bordetel/a bronchiseptica (37) and Streptococcus pneumoniae (5) (Kunstyr & Heimann, 1977) .
The present study describes an epizootic lethal pneumonia of guineapigs that occurred once and was time-limited, so that no additional serological studies or attempts at isolation could be made. Only tissues fixed in formalin were available for examination, and that is not ideal for electron-microscopy.
Materials and methods
Animals Some animals (strains unknown) originated from 2 commercial breeders and others from our closed colony (derived 1972 by crossing inbred strains 2 and 13). No ill health was detected in the original colonies during the time considered.
Among the animals derived from these colonies, spontaneous death occurred in both sexes after subcutaneous injection with human material suspected of containing mycobacteria (Table  I) . This human material was prepared (Seeliger, 1978) and injected as a I ml saline suspension subcutaneously into the right knee fold. 2 animals were injected with each sample. At the time of injection the animals weighed about 200 g and were about 5 weeks old. The size of the colony varied between 200 and 350 animals. The mean duration of stay of each animal was 9 weeks, and the average time between the arrival of the animals and the beginning of an experiment was 2 weeks. In toto, 1600 animals were involved in the tubercular studies during the time of the epizootic, and II guinea pigs died (Table I) . 
Maintenance conditions
Polycarbonate cages (Makrolon type III) with inlet wire-mesh floors were used, with 2 animals in each.
Rooms were maintained at 21 ± 1°C, with a relative humidity of 50 ± 10%, and were artificially lit from 0700 to 1900. Tap water without additives was supplied from water bottles, and a pelleted diet ('Herilan MS-Haltung'; H. Eggersmann KG, Rinteln, FRG), was available ad libitum. This diet contained 16% crude protein and 12% crude fibre, supplemented by 10 000 iu vitamin A and 200 mg vitamin C per kg.
Examination/or causative organism
Autopsy of the 11 guineapigs that died took place not more than 12 h after death. Organs were cultured for aerobic (blood-and Endo-plate) and anaerobic (thioglycolate medium, Fortner-plate) microbes. The search for mycobacteria (Ziehl-Neelsen staining) and protozoa (Giemsa staining) was performed on lung impression mountings from all animals. 3 of II animals were tested for mycoplasmas using a modified HayAick or Friis medium, and for virus antibodies against Sendai, reo-3 and PVM by haemagglutination-inhibition tests. Lung tissue from 1 animal was inoculated into secondary cultures of kidney cells from newborn guineapigs, 2 passages of 10 days incubation were made in an attempt to detect virus. The presence of dust was sought by polarised-light microscopy, and mycotic agents by histological examination after Gridley staining and PAS-reaction.
Histological examination 4 11m slices were cut from specimens fixed in 10% butTered formalin and then embedded in paraffin wax. In addition to staining with haematoxylin and eosin, Feulgen and Giemsa stains were used to examine for inclusion bodies, and Ziehl-Neelsen staining for mycobacteria.
Electron-microscopic examination
Some lung specimens were transferred from formalin to 5% glutaraldehyde, rinsed several times in cacodylate butTer (pH 7·2), dehydrated in increasing concentrations of alcohol and embedded in an epoxy resin. Sections of 0·5-1· 0 11m were cut and stained with toluidine blue to display virus inclusion bodies. Subsequently sections of 70-90 nm were made and examined using an electron microscope.
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Results
Clinical and epizootological data
In most cases no clinical signs could be observed, but occasionally dyspnoea was noted. The coats of the dead animals were not dishevelled. We have no evidence whether animals could have caught the disease and recovered, but it seems that although morbidity was low (0· 7%) it was an acute fatal condition with 100% mortality. It is noteworthy that the disease was discretely scattered in the animal room: in no case did both animals sharing the same cage die, suggesting a very low contagiousness.
Pathology
In each animal the cranial lobes of both lungs and the area of the hilus showed a distinct consolidation (Fig.  1) . In a few cases, one or both caudal lobes also showed a partial consolidation. The remaining lung tissue showed a vicarious emphysema, sometimes with petechiae. In 3 cases low-grade to moderate hydrothorax or haemothorax was seen and in I case a moderate ascites. Moderate to severe hyperplastic swelling of the spleen was detected in 2 animals. 3 animals had a subcutaneous haematoma and cheeselike material at the site of inoculation, in 1 animal associated with a swelling of the corresponding inguinal lymph node. Other organs were without pathological changes.
Histology
Several bronchi and bronchioli were partly or completely filled with necrotic material, debris of inflammatory cells and desquamated epithelial cells (Fig.  2) . The epithelial lining of the bronchi was lost over wide areas. In the larger bronchi the necrotic changes occasionally extended into the submucosa, in smaller ones they included the whole bronchial wall. In most cases the centre of the bronchial lumen contained a necrotic hyaline-like mass. Numerous desquamated epithelial cells were at the periphery, adjacent to the bronchial wall. The nuclei of these cells often contained round to oval basophilic inclusion bodies, 7-15 11m in diameter (Fig. 3) . The inclusion bodies sometimes completely filled the nuclei, and in some cases hyperchromasia of the nuclear wall was seen. After Feulgen staining the inclusion bodies were shining red in colour; after Giemsa staining they were dark blue. Numerous small necrotic foci were disseminated throughout the lung tissue. Most of the alveolar septa were thickened due to proliferated alveolar lining cells, endothelial cells and infiltrated mononuclear cells, lymphocytes, and, occasionally, neutrophil granulocytes (Fig. 4) .
In addition to the changes in the lungs, all guineapigs showed moderate to high lymphocytic hyperplasia of the spleen, moderate to high activation of the hepatic Kupffer cells, and a high-grade, partly degenerative, fatty infiltration of the hepatocytes. Moreover, in 5 animals slight to moderate mesenchyma] activation in the myocardium, and in 4 other animals a slight non-purulent pyelitis, were seen.
Attempts to detect an aetioiogicai agent
In 9 cases the affected lung was bacteriologically sterile, while in the other 2 Escherichia coli and Proteus mirabilis were found. Dust and mycotic agents were absent. Serological studies and attempts to isolate mycoplasmas or viruses were negative. Acidfast rods were not found either in the guineapigs or in any of the human patients from whom the inoculated material originated. Only the histological examination suggested the presence of a virus.
Electron-microscopic examination
Electron microscopy revealed many 58-72 nm virus particles in those areas where basophilic inclusion bodies had been found. They lay mostly in groups (Fig. 5 ), but occasionally were single or arranged in a crystalline form (Fig. 6 ). They were often found in the middle of osmiophilic material, which probably represented the remains of chromatin (Fig. 6 ). Although we preseumed that the inclusion bodies were intranuclear, we could not detect the nuclear :membrane. Occasionally the virus particles were localized in disintegrated cytoplasm. Because of the extensive tissue destruction, cell detritus was not identifiable as being derived from nuclei or cytoplasm.
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The virus particles were mostly round but sometimes hexagonal (icosahedral?) and of 3 different types. Some appeared as homogenous, relatively electron-dense structures whereby an electron-transparent capsomer layer could be presumed. Some particles were relatively osmiophobic, with a central body and a narrow peripheral membrane (Figs 5 and 6 insets), while others seemed to be empty, with a narrow limiting membrane (Fig. 6 inset) .
Discussion
The presence of characteristic inclusion bodies in the epithelial cells of the bronchi in all guineapigs together with the absence of other specific pathogens suggest a viral aetiology of the disease. The intranuclear location of the inclusion bodies (distinct only in histological section), their size, shape, and DNA character as shown by the Feulgen reaction, support the supposition that an adenovirus was present. In their recent survey of virus diseases in guinea pigs Hsiung, Bia & Fang (1980) did not mention this type of disease. Cabasso & Wilner (1969) , as well as Andrewes, Pereira & Wildy (1978) , indicate the size of adenovirus particles to be 65-85 nm. Although immature herpes capsids can have the same size, mature nucleocapsids reach ]80 nm or more, and develop an additional envelope. In herpesvirus infections, beside immature virus particles in the nucleus, mature particles are present in the cytoplasm and outside the cells: in our study this was not the case. We found particles of identical size both in the nucleus and outside it. Although some virus particles were herpeslike in structure, they lacked the double or triple membrane described for herpes viruses (Kaplan, 1969) .
The 3 forms of virus particles found by us-with a dense centre and a narrow halo, with an electrolucent structure and a narrow peripheral membrane, and with an internal body-have all been described in adeno- t Demonstration by electron microscopy.
viruses (Chandler, 1965) . The general similarity of our histological findings with those described in adenovirus infections in other animal species (Table 2) gives additional support to our hypothesis. After the first description of an adenovirus strain isolated from humans (Rowe, Huebner, Gilmore, Parrott & Ward, 1953) , adenovirus strains were described in other animals, and specific antibodies were found in several species (Rowe & Hartley, 1962; Pereira, Hubner, Ginsberg & van der Veen, 1963; Cabasso & Wilner, 1969; Wilner, 1969; Kalter, 1972; Andrewes, Pereira & Wildy, 1978) . These descriptions refer to spontaneous, often latent, infections, mostly of the respiratory tract, and experimental infections. Characteristic features are widespread in human and animal populations, a mostly latent or symptomless course, and a very low mortality. In most cases some additional factor is necessary to elicit clinical disease (Table 2) , which points to a multifactorial disease. In our case the inoculation of the guineapigs with human material suspected of containing mycobacteria could be the provoking factor, with the experimental stress activating a latent adenovirus infection. The limited duration and extent of the epizootic, as well as the formalin fixation of all tissue specimens, rendered the cultivation and serological identification of the virus, and any attempt to reproduce the disease, impossible. Thus we can present no definite evidence, only a highly probable hypothesis of an adenovirus aetiology for the disease.
By using bacteriological and histological examination this pneumonia can easily be distinguished from infections caused by streptococci (Kunstyr & Matthiesen, 1973; Weber & Brunner, 1979; Sebesteny, 1978) , Bordetella, Yersinia, Pasteurella, Klebsiella (Ganaway, 1976) or other bacteria. A differential diagnosis from other virus infections can be obtained by histological methods. In cytomegalovirus (CMV) infected animals, cells enlarged 3-4 times with intranuclear or intracytoplasmatic inclusions in the tubular cells of the salivary glands or kidneys (Jackson, 1920; Cole & Kuttner, 1926; Cook, 1958; Kunz & Hutton, 1971 ) but never in the cells of the bronchi. The spontaneous disease connected with intranuclear inclusion bodies described by Pappenheimer & Sianetz (1942) was probably also a CMV infection. Lepine, Sautter & Lamy (1943) provoked a pneumonia in guineapigs by inoculating material from a horse with symptoms of enteritis; their bacteriological examination was negative and they called the disease 'pneumopathie des cobayes'. Kunz & Hutton (1971) described a virus pneumonia of guinea pigs with extensive congestion and consolidation of the lungs, but did not give detailed aetiological indications.
A 'guineapigs herpes-like virus' (GPHLV) has been repeatedly isolated from kidney cells and other organ cultures derived from leukaemic and non-leukaemic animals (Hsiung & Kaplow, 1969; Booss & Hsiung, 1971; Bhatt, Percy, Craft & Jonas, 1971) , and has been shown to be a DNA virus. However, no experimental infection could be produced with this virus: the intranuclear inclusion bodies were found only in degenerated tissue culture cells.
The histological picture, the size, type and location of the inclusion bodies, as well as the similarity to changes found in adenovirus infections of other animals, strongly suggest an adenovirus aetiology for the guineapig pneumonia described here.
